Placental extracts have been widely used as skin lightening agents in the Japanese cosmetic market. Here, we show that placental extracts contain factors that can decrease or increase melanin synthesis by normal human melanocytes in vitro in possible association with mitochondrial respiration. When normal human melanocytes were treated with a whole porcine placental extract, melanin synthesis was decreased. In contrast, a porcine placental extract in which exudates and insoluble materials including lipids had been removed increased melanin synthesis. In addition, the amount of tyrosinase, the enzyme critical for melanin synthesis, changed in accordance with the alteration of melanin synthesis. Interestingly, the amount of manganese-dependent superoxide dismutase (MnSOD), a mitochondrial-resident antioxidant enzyme, was increased when melanin synthesis was decreased by the whole placental extract. Mitochondrial respiration and glycolysis also changed following treatment with the placental extracts. These results suggest that placental extracts contain factors that can increase or decrease melanin synthesis by normal human melanocytes and that mitochondrial function may be associated with the placental extract-induced regulation of melanogenesis.
| INTRODUC TI ON
The over-production of melanin pigment in localized areas of the skin causes cosmetic problems such as melasma and solar lentigo.
A variety of bioactive ingredients that prevent or improve hyperpigmentary skin lesions have been developed in Japan. Among those, placental extracts have been employed as bioactive ingredients in skin lightening quasi-drugs that have been officially approved for use by the Japanese Ministry of Health, Labor and Welfare. [1] Whole placental extracts contain a large number of different amino acids and minerals, some at high concentrations, and their ability to inhibit melanin synthesis as well as to enhance the removal of melanin from the skin due to the increased turnover of the epidermis have been documented. [2] In addition, whole placental extracts have been shown to suppress melanogenesis via the enhanced expression of genes encoding antioxidant enzymes. [3] On the other hand, it has also been reported that placental lipids and proteins/peptides stimulate melanin synthesis by enhancing expression of the gene encoding tyrosinase, the enzyme critical for melanin synthesis. [4, 5] Recently, it was demonstrated that mitochondria and melanogenesis in melanocytes have a close relationship, and physical interactions between mitochondria and pigment granules in melanocytes have been reported. [6, 7] Melanin synthesis in melanocytes has been demonstrated to be modulated by mitochondrial dynamics via their fission and fusion. [8] However, to our knowledge, there have been no reports that studied the relationship between the placental extractinduced regulation of melanogenesis and mitochondrial respiration.
In this study, we investigated the effects of placental extracts on 
| ME THODS

| Reagents
The porcine placental extracts used in this study were derived from Japanese domestic animals. One was a whole placental extract treated with protease and heat sterilization (W-PEx), and the other was a partial water-soluble placental extract in which exudates and insoluble objects, including lipids, were removed (P-PEx). Both extracts were obtained from Japan Bioproducts Industry Co., Ltd.
(Tokyo, Japan). 
| Cell culture
| Melanin measurement
Melanin content was measured using a modification of a previously reported method. [9] Briefly, approximately 10 6 melanocytes were placed in 1.5 mL Eppendorf tubes and collected by centrifugation at 15 000 ×g for 3 minutes after which they were washed with phosphate-buffered saline (PBS) and stored at −20°C. The frozen aliquots were thawed then centrifuged again at 15 000 ×g for 3 minutes, following which the supernatants were poured off and 200 μL ethanol-ether 1:1 (vol/vol) were added to the precipitated cells to remove opaque substances other than melanin. This ethanol-ether extract was mixed several times at 23°C for 30 minutes. After another centrifugation at 15 000 ×g for 3 minutes, the precipitates were extracted for 15 minutes in 200 μL 10% DMSO in 1 mol/L NaOH at 80°C with mixing every 5 minutes. The extracts were then centrifuged at low speed in a tabletop centrifuge, after which 100 μL of each extract was placed in a 96-well microplate, and its absorbance at 490 nm was used to calculate melanin content per cell (expressed as a percentage of control cells).
| Western blotting
Melanocytes were solubilized for 30 minutes at 4°C in 0.1 mol/L Tris-HCl buffer, pH 7.4, containing 1% Igepal CA-630 (Sigma-Aldrich Company), 0.01% SDS and a complete protease inhibitor mixture (Roche Diagnostics GmbH, Mannheim, Germany). Following centrifugation at 15 000 ×g for 5 minutes at 4°C, the soluble supernatants were recovered and used as cell extracts. 
| Mitochondrial respiration assay
Melanocytes were cultured in 96-well plates in medium containing W-PEx or P-PEx at 1 mg/mL for 6 days and were then analysed for mitochondrial respiration using a Mito Xpress Xtra Oxygen Consumption Assay kit (Luxcel Biosciences, Cork, Ireland) according to the manufacturer's instructions.
| L-Lactate assay
Melanocytes were cultured in 24-well plates in medium containing W-PEx or P-PEx at 1 mg/mL for 6 days after which the supernatants were transferred to a 96-well plate. The L-lactate content in each supernatant was analysed using a Glycolysis Cell-Based Assay kit (Cayman, Ann Arbor, MI, USA) according to the manufacturer's instructions.
| Statistical analysis
Data from a minimum of three independent experiments were analysed statistically using one-way analysis of the Dunnet II test.
| RE SULTS
| Regulatory effect of placental extracts on melanogenesis in normal human melanocytes
After treatment with the whole placental extract (W-PEx) at 1 mg/mL for 6 days, the melanin content of normal human melanocytes was significantly decreased to 55.6 ± 7.0% compared to the untreated control ( Figure 1A ). In contrast, treatment with P-PEx, a partial placental extract in which exudates and lipids had been removed, at 1 mg/mL for 6 days elicited a significant increase in melanin synthesis to 142.5 ± 7.4% compared to the control ( Figure 1A ). In addition, the amount of tyrosinase was decreased compared to the control in melanocytes treated with W-PEx at 1 mg/mL for 6 days but was not changed appreciably compared to the control in melanocytes treated with P-PEx at 1 mg/ mL for 6 days ( Figure 1B ).
| Increasing effect of placental extracts on mitochondrial proteins in normal human melanocytes
In order to evaluate the association of mitochondrial function in the placental extract-induced regulation of melanogenesis, the amounts of two mitochondrial-resident proteins, MnSOD and MTC02, were measured after treatment of normal human melanocytes with the placental extracts for 6 days. The amounts of MnSOD and MTC02
were both increased after treatment with W-PEx, while they were decreased after treatment with P-PEx, and especially, an increase of MnSOD was observed in W-PEx-treated normal human melanocytes (324% compared to the control, as adjusted by the internal control) ( Figure 1B ).
| Regulation of mitochondrial respiration and glycolysis after treatment of normal human melanocytes with placental extracts
Since both types of placental extracts regulated the levels of representative mitochondrial proteins, we evaluated changes in mitochondrial respiration and glycolysis (another respiration machinery) together with mitochondria. Surprisingly, treatment of normal human melanocytes with W-PEx at 1 mg/mL for 6 days decreased mitochondrial respiration (Figure 2A ), while it increased glycolysis remarkably ( Figure 2B ). In contrast, treatment of normal human melanocytes with P-PEx at 1 mg/mL for 6 days increased mitochondrial respiration ( Figure 2A ) and also increased glycolysis moderately ( Figure 2B ).
| D ISCUSS I ON
To date, many contradictory results have been reported regarding the effects of placental extracts on melanogenesis. A porcine placental extract was reported to inhibit melanogenesis in vitro, [3] while human placental proteins/peptides and lipids have been shown to induce melanogenesis. [5, 11] In this study, we demonstrated that porcine placental extracts contain factors that can decrease and/or increase melanin synthesis. The contradictory results previously published of the effects of placental extracts on melanogenesis could be due to the biologically different agents for melanin synthesis contained in each extract caused by different fractionations of placentae, and not merely due to different species of the placental sources.
Regarding the effect of superoxide dismutase (SOD) on melanogenesis, it has been reported that the addition of SOD1, a cytosolic copper-and zinc-dependent antioxidant enzyme, inhibits the melanin synthesis of murine melanoma cells induced by α-melanocyte stimulating hormone in vitro. [12] In addition, a porcine placental extract has been shown not only to inhibit melanin synthesis but also to induce the expression of SOD1 and SOD3, an extracellular copper-and zinc-SOD. [3] However, the effect of MnSOD (SOD2), a mitochondrial manganese-SOD, on melanogenesis is still unknown.
In this study, we found that the amount of MnSOD increased when melanin synthesis was inhibited by the treatment of normal human melanocytes with W-PEx, suggesting that the induction of MnSOD could be correlated with melanogenesis similar to SOD1/3.
Furthermore, as for the effect of MnSOD on intracellular respiration, up-regulation of MnSOD has been reported to lead to a metabolic shift from cellular oxidative respiration by mitochondria to cytosolic glycolysis. [13] In addition, the knockdown of MnSOD has been shown to activate mitochondrial function. [14] In fact, when In summary, our study shows that placental extracts possess factors that regulate melanin synthesis and MnSOD-associated mitochondrial function. These findings may help to further understand the importance of mitochondria on melanogenesis.
The regulatory mechanism of MnSOD-related mitochondrial function on melanogenesis remains to be determined in future investigations.
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F I G U R E 2
The regulatory effect of placental extracts on mitochondrial respiration and glycolysis. A, Oxygen consumption ratio indicating mitochondrial respiration measured after treatment of normal human melanocytes for 6 days with a whole placental extract (WPEx, 1 mg/mL) or a partial placental extract (P-PEx, 1 mg/mL) in which exudates and lipids had been removed. B, The amount of L-lactate that indicates glycolysis was measured in the culture medium of normal human melanocytes after treatment with W-PEx (1 mg/mL) or P-PEx (1 mg/mL) for 2 days 
